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(54) A PIPELINE FOR THE TR;! 

(71) We, SHELL INTER- 
NATIONALE RESEARCH MAAT- 
SCHAPPU N.V., a company organised 
under the laws of The Netherlands, of 30 

5 Caret van Bylandtlaan, The Hague, The 
Netherlands, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed to be particularly 

10 deseibed in and by the following 
statement: — 

The present invention relates to pipelines 
for the transport of cryogenic liquids, that is 
liquids at very low temperatures, in par- 

15 ticular liquefied natural gas, and it is' 
concerned with an iniprov^ form of such 
pipelines for use under water or on land. 

As a result of the low temperatures of the 
liquids to be transported (in the case of 

20 liquefied natural gas about — 160°C) and the 
likely use of fee pipeline under water, a 
pipemie of iim ty]^ has to meet stringent 
requiiements. The dhtoibe of constructional 
material for such inpelines is Uinited to 

25 those materials whidti possess sufficient 
ductility at the low temperatures which arise 
during usage. Materials which meet this 
requirement at the low temperature of 
li(iuened natural gas are, for instance, 9% 

30 iiiicfcel-steel, austenitic steel and aluminium. 
In addition, the low temperatures cause 
large displacements through shriniage. 
Cooling of a pipeline having a length of 1 km 
from ambient temperature to minus i60''C 

3S will cause a displacraieat through shrinkage 
of approximatety 2 m in the case of a 9% 
mckel steel Sne and of i^proximateiy 4 m in 
the case of an aluminium line. 
In view of the low temperature of the 

40 liquid to be transported, the pipeline should, 
of course, have good heat-iiuitlating 
properties. When using the pi^elii^ under 
water a good water^ti^t beat-msulafion is 
required, and it is desirable fliat, if water 

45 leaks into the iasuiatioa locally, the lino 



NSPORT OF COLD LIQUIDS 

should remain operational without too large 
a heat inflow till a convenient moment for 
repair. In addition, underwater lines require 
to be robust so that laying, wliich is mostly 
done from a vessel, does not cause damage 50 
to the line and/or the heat-insulation. 

A known pipeline for cold liquids 
comprises a plurality of sections each 
comprising an inner pipe and a co-axial outer 
pipe having a larger diameter thaa the inaer 55 
pipe, adjacent ends of the resjHJctive 
inner pipes of the sections being jwned 
together by bellows, and a heat-insulating 
material being present in the space 
between the mner and outer pipes. 60 
Sluinkage of the inner pipe when cold liquid 
passes through it is absorbed witlmut 
significant stresses arising by the beOows 
between successive inner pipes. As an 
alternative to bellows connections, the inner 65 
e can be of corrugated form for jpart or 
of its length whereby the shrinkage is 
taken up by 3ie inner pipe itself. However, 
beilo'M^ are weak points in a pk«line and 
repair or replacement is often difficult or 70 
impossible, especially in the case of sub- 
mei^ed pipelines. Also, bellows (or 
corrugations in the pipe itself) have the 
disadvantage of causing extra flow 
resistance; and corrugated pipes can only be 75 
produced by one of the f«w speciafized 
manufacturers. 

According to the present invention tiiiere 
is provided a pipieline section comprising a 
non-oorrugated iisacr pipe, an ttuter p^e 80 
spaced from and: co-axial with said inder 
jape and km-ioiammg.mtesm witMff flle 
space between said pipes, said pipeline 
section being adapted to be joined with at 
least one other such section to form a 85 
pipeline suitable for the transport of liquids, 
the sections when so joined having at le^ 
their respective inner pipes rigidly joined 
together at the juncture(s) between sse- 
tions, the inner and outer pipes of said ^ 



sectioa being so ri^^id and being so rigidly 
connected together at at least two axiaQy 
spaced positions witSnn the ^tion that a 
tagjv asoal cpjnpiressipfl stress k jawaeat 
5 «tth^ m ttie oiife p|te or ift Hfflra'^^p 
yther at normal ainWreat temperature or at 
the low temperature of the sectioa sub- 
asting during tie p^age of a cryogettio 
Iquid thereftroufh. 
■ iO A first embodiment of a pij^Bne for the 
transport of cryogenic liquids as just 
defined is charactemed ia that tJheiiaaer pipe 
and the oiiter pipe of ^cih seCttea at® 
aected together tha^ when- the p^fes- ase at 

15 ambieat temperature, no, or onjy sli^t, 
axial stresses occur ia the inaer and outer 
pipes, but when the inner pipe is cooled to 
normal operating temperatures (Le. the 
normal situation during transportation of 

20 cold &qaid tbrou^ fine), an a»al tensile 
stress is present m the inner pipe and an 
axial compression stress is present tn the 
outer pipe. 
This first embodiment will be designated 

25 below as the strained type of Kne. 

A second embodiment of a pipeline in 
accordance with the present invention is 
, characterized in that the inner and outer 
pipes of each section are so connected 

30 together tbat when the pipes are at ambient 
temperature, the outer pipe and the inner 
pipe are prestre!»%d in such a manner that 
the outer pipe is under axial tensile stress 
and the innerpipe is under axial compression 

35 stress. 

This second embodiment will be 
designated below as the prestressed type of 
line. 

The present invention wiU now be 
40 described with reference to the ac- 
companying drawings in which: — 

Figure 1 represents a diagrammatic 
longitudinal cross-section of an embodiment 
t>f a section of a line of the restrained type; 
45 Figure 2 is a diagrammatic longitutunal 
cross-section of an embodiment of a sectioa 
of a line of prestressed type; 

Figure 3 is a diagrammatic longttu<final 
cross-section of an embodinient of a con- 
50 nection for connecting together the inner 
and outer pipes within a section. 

Figure 4 is a diagrammatic Ion„ 
cross-section of an embodiment 
coupling between two line sectioos of the 
55 restrained type; 

Figure 5 is a diagranunatic lomgitttdjnal 
cross-^!ection of an embodiment of a 
coupling between two Hne sections of the 
prestressed type; 
^ Figure 6 slrows a pipeline comisttng of 
sections. 

Figure 7 shows another fwm of a pipeline 
consisting of ^tions. 
The pipeline section shoiwn in F^ure 1 
65 comprises an inner pipe 1, manufactured 



from a suitable material retaining its duc- 
tility at the low temperature of the liquid 
gas, for ejample. 9% aickei steeL Co-axial 
wi^ the inner mpe 1 is an outer pipe 2 
having a lar^ diameter than the inner pipe 70 
1< TMs pipe 2 is made from a suitable 
material, for example, carbon steeL The 
ends of the inner pipe i and the outer pipe 2 
are connected by means of connections 3 
and 4, for example, by means of the welded 75 
joints as indicated in the figure. The 
connection! 3 and 4 are also manufacturod 
from s suitable material, for example part 3 
from 9% nickel steel and part 4 from 
stainless steel, go 

The space between the iimer and outer 
pipe is filled with a suitable heat-insulating 
material S, for example polyurethane foam, 
preferably with closed cells. If desired, other 
suitable plastics foams, such as PVC-foam, gs 
may also be used. 

The manufacture of the pipeline section 
just described is as follows. 

The connections 3 and the connections 4 
are first welded to one end of the inner pipe go 

The inner pipe 1 is subsequently provided 
with a slide layer (not shown) which is 
several miUiroetres thick and does not 
adhere to the inner pipe 1. This layer 95 
consists of a suitable material, for instance, 
a felt or a fabric made from, for example, 
polypropylene or glass fibre. Plastics foil or 
paper or jute may also be used. The object 
of the slide layer is to allow the inner pipe 1 100 
to move axially (as a result of temperature 
gradients in the longitudinal direction of the 
pipe) relative to the heat-iasulating material 
5. It is noted that the said slide layer may, if 
desired, be omitted. It is also possible to lOS 
apply a slide layer between the outer pipe 
and the heat-insulating material instead of 
between the mner pipe and the heat- 
insolating material. 

The plastics foam is subsequently applied 1 10 
to the slide layer. In the absence of a slide 
layer, the plastics foam is applied direct to 
the inner pipe 1, Polyurethane foam, for 
example, is apphed by spraying, so that a 
heat-insulating layer 5 is formed. 115 

If desired, a suitable fabric or fibrous 
material 6, for example a glass-fibre fabric, 
may be incorporated into this heat- 
insulating layer 5 as a crack formation of the 
heat-insulating material 5. Instead of a glass- 120 
fibre fabric it is also possible to use a fabric 
oi a different suitable material, for example 
Knen, cotton, jute, hemp. Instead of a 
fabric, fibres of the said materials may also 
be used. It is also possible to use metal 125 
matting, manufactured from, for example, 
stainless steel. 

After the insubfing layer 5 has been 
applied, the outer pipe 2 arran^ and 
'jomed by welds to one connection 4. The 1.10 



connectioas 3 and 4 are then welded to the 
otiier end aiwj coenection 4 is welded to the 
outer pipe 2. Hie outer pipe 2 is airanged in 
such a way that at normal ambfeat tem- 
5 |»eratiires there is no, or only slight, axial 
tensile stress or axial coinpres»iraa stress os 
the outer and the ianer pq>e. 

If desired, a small spac^ may be present 
between the outer pipe 2 and flte tnsiilatiag 

10 layer 5. 

A angle section of the pif^Bne is shown in 
;K|^re;L TChe pipeline itself k built up of a 
niiunber' of sections acconling to Figure 1 
which are connected in series. 

15 In order to counteract floating up of the 
line when used under water, the outer i>ipe 2 
may be providal on the outside wiOi a 



b jxusibte to attach anchoring 
20 means to the outer pipe 2. 

When the pipeHne section according to 
Rgure 1 is takeii into norma! use, i.e. when 
cold Equid (for example Eqtiid natural gas at 
appToxunately minus ISO'C) is passed 
25 through the inner pipe I , this pipe will cool 
and sfiink. Since the enife of Ihe inner pipe 
t are Connected to the ends of the outer pipe 
2, axial tensile stress will develop in the 
inner pipe 1 and axial compression stress in 
30 the outer pipe 2. There is no risk of buckling 
(crippling) of the outer pipe 2 while under 
axial compression stress owing to the fiact 
that the outer pipe 2 is supported elastically 
by the inner pipe 1 via Uie heat-insulating 
35 material 5. 

The outer pipe 2 protects the heat- 
insulting material 5 against damage both 
during transport and during laying of the 
pipeline. In addition, the outer pipe 2 
40 prevents water from penetrating into the 
heat-insulating material 5. 

The pipeline section shown in Fig. 2 
comprises an inner pipe 1, manufactured 
from a suitable material which retains its 
45 ductility at the low temperature of the liquid 
gas, for example 9% nickel steel. An outer 
pipe 12 having a larger diameter than the 
mner pipe 11 is arranged co-axially with the 
inner pipe 11. The outer pipe 12 is made 
50 from a suitable material, for example, carbon 
steel. Connections 13 are secured to the 
inner pipe 11, for instance by welded joints. 
At one end of the line section a connection 
14 is welded to the connection 13. At the 
55 other end of the line section an element 17 
provided with a flange 19 is welded to the 
connection 13. The connections 13 are 
mad© from a suitable material, for example, 
9% nickel steel The connection 14 is made 
60 from, for example, stainless steel, as is the 
element. 17. 

The outer pipe 12 is welded at one end to 
the connection 14. At the other end the 
outer pipe 12 is provide! with a flange W 



which is secured to the flange 19 by means 65 
of bolts 18. 

The i^ce between the inner and outer 
pipe is fOIed with a suitable heat-insulating 
material 5, lor example polyuretfaane foam, 
{Href erabty with dos^ celb. If d^ed, other 70 
suitable pl^tstics foams, such as, for esrample 
PVC-fram, may be used. 

The pipeBne section just described is 
consfructttd as follows: The connections 13 
are first welded onto the inner pipe 1 1 and a 75 
connection 14 is subsequently welded to the 
part 13 at one end of the line section. 

The inner pipe 1 1 is then provided with a 
slide layer (not shown) which is several 
millnnetres thick and does not adhere to the 80 
inner pipe 11. This slide layer consists of a 
suitable material for example a felt or a 
ifabric made from e.g. polypropylene or glass 
fibre. Paper or jute may also be used. The 
object of the slide layer is to allow the inner S5 
pipe 11 to move axially (as a result of 
temperature gradients in the longitudinal 
direction of the pipe) relative to the heat- 
iasutating matierial 15. It should be noted 
that the said slide layer may, if desired, be 90 
omitted. 

The plastics foam is subsequently applied 
to the shde layer. If the slide layer is not 
used, the plastics foam is applied direct to 
the inner pipe 11. Polyurelhane foam, for $5 
example, is applifcd by spraying, so that a 
heat-msulating layer 15 is formed. Alter- 
natively, foaming in situ may be applied or 
shells of polyurethane foam may be used. 

If desired, a suitable fabric or fibrous 100 
material 16, for example, a glass-fibre fabric, 
may be incorporated as a crack arrester 
into this heat-insulating layer 15 in order to 
arrest crack formation of the heat-insulating 
material 1 5. Instead of a glass-fibre fabric, it 105 
is also possible to use a fabric of a different 
suitable material, for example linen, cotton, 
juste, hemp. Instead of a fabric, fibres of the 
said materials may be also be used. It is also 
possible to use metal matting, manufactured 1 10 
from, for example stainless steel. 

After the insulating layer 15 has been 
completed, the outer pipe 12 is arranged. 
One end of the outer pipe 12 is welded to the 
left-hand connection 14. A part 17 with a 115 
flange 19 is welded to the right-hand con- 
nection 13. The flange 20 is secured 
to the flange 19 by means of bolts 
18. The bolts 18 are subsequently tightened 
to bring the outer pipe 12 under a relatively 120 
large axial tensile stress. This results in the 
inner pij^e II being subjected to axial 
compre^on streKS, if desired, packing may 
be provided between the flanges 19 and 20 to 
ensure a gas-tight seal. 125 

It was stated above that prestressing the 
inner pipe and outer pipe is effected by 
means of flanges and bolts. It will be evident 



4 



1,348,318 



4 



that jEsrestraiaing can be achieved in 
numerous other ways. Consequently, the 
invention is not limited to prestraining of the 
inner pipe and the outer pipe by means of 
5 flanges and bolts. 

A single section of the pipeline is shown to 
Figure 2. The ipipeline itself is built up of a 
number of sections shown in Figure 2, which 
are connected in series, 

10 When the pipeline section according to 
Figure 2 is taken into normal use, ie, when 
cold Equid (for example liquid natural gas at 
approximately minus IdO'C) is pa^ed 
through the inner pipe 11, this pipe wUl cool 

15 and shrink. This means that the prestress, 
i.e. the axial compression stress in the inner 
pipe, will be reduced. Simultaneously the 
prestress, i.e. the axial tensile stress, in the 
outer pipe will be reduced. The magaitBde 

20 of the prestress applied and the temperatore 
of the cold liquid which is passed through 
the inner pipe 11 determine the magmtode 
of the axial stresses remaining in the inner 
pipe and outer pipe. For example, a 

25 relatively small axial comjH-ession stress in 
the inner pipe ! 1 and a relatively small axial 
tensile stress in the outer pipe 12 may 
remain. In some cases the axial stresses may 
disappear completely both in the inner jpipe 

30 11 and in the outer pipe 12 as a result of 
cooling of the inner pipe 11 or the axial 
stresses may even change sign. 

There is no risk of buckling (crippling) of 
the inner pipe 11 or outer pipe 12 while 

35 under axial compression owing to the fact 
that the inner i>ipe and outer pipe support 
each other elastically via the heat-insulating 
material 15, 
The outer pijpe 12 protects the heat- 

^ insulating material 15 against damage, both 
during transport and during laying of the 
pipeline. Moreover, the outer pipe 12 
prevents water form penetrating mto the 
heat-insulating material 15, 

45 When a pipeline is built up by cormecting 
a number of |>ipeline sections of the type 
according to Figure 1 or Figure 2 in series, 
the displacements of the inner pipes 1 or of 
the inner pipes 11 through expansion or 

50 shrinkage along the pipeline will be 
relatively small. The displacements will be 
determined by the lengths of the line sec- 
tions nsed. This means that a relatively large 
tem]perature gradient along the pipeline is 

55 adnussible. This is of particular importance 
when bringing the line into operation and 
taking the ifine out of operation. 

In att the above-mentioned embodiments 
of pipeline section, the connections between 

^ the inner pipe and the outer pipe can be 
ef fected in numerous ways. Tl^ connections 
between the ends of the inner {ripe and outer 
pipe shown in Figures 1 and 2 are only given 
to elu<adate the i»iaciple imderiayitig the 

65 inveatioa- 



A preferred connectioa for coimectiiig 

the inner and outer pipes is shown in. figure 
3. 4 

This connection comprises a conical 
element 27, having a shape of a truncated 70 
hollow cons, one end of which is attached 
by wel^g on to the outer surface of the 
inner pipe 21. This conical element 27 is 
made of a suitable material, for example, 
9% nickel steel. An inner ring 28 is attached 75 
by welding onto flxe other end of the conical 
element 27. This inner ring 28 is 
manufactured from, for example, stainless 
steel. An outer ring 26 is fitted onto the 
inner ring 28 and ripdly secured to the latter 80 
by welding. The outer ring 26 is made from, 
for example, carbon steel. K desired, the 
outer ring 26 is provided with cams 29. 
These cams 29 may be used if it is desired to 
prestress the line or line section in advance. 85 

4 ; shows a coupling between two 
lin'^ sections of the restrained type, i.e. line 
sections based on the principle shown in 
Figure I. 

The inner pipes 21 are connected to the 90 
inner pipes 1 of the line sections by means of 
welded joints 30, while the outer rings 26 ate 
connected to the outer pipes 2 of the line 
sections by means of welded joints 31 . As 
mentioned above, the spaces between the 95 
inner pipes 1 and the outer pipes 2 are fUled 
with a heat-insulting material 5, for 
example, polyurethane foam. 

The inner pipes 21 are interconnected by 
a welded joint 32. The outer rings 26 are 100 
coimected by means of a ring 33. This ring 
33 may comprise 2 or more shells welded 
together. 

The ring 33 is made from a suitable 
material, for example, carbon steel. The ring 105 
33 is connected on either side of the outer 
ring 26 by means of welded joints 34 and 35. 
The space bounded by the inner pipes 21, 
the conical elements 27, the outer rings 26 
and the ring 33 is also filled with heat* 110 
insulating material 55, for example 
polyurethane foam. This heat-insulatmg 
material may be in the form of shells; it may 
be appied in situ by spraying or by foaming. 
The heat-insulating material 5 or 55 may, if 115 
desired, be reinforced by a fabric or fibrous 
material (crack arrester) in the manner 
described above. 

The ring 33 is not prestressed, nor are the 
outer pip^ 2 and the outer rings 26. Con- 120 
sequently, these parts are simply welded 
together. 

The rings 26 are not provided with cams 
29; there being no need to do so in this case 
since prestressiag in advance is not 125 
required. 

Figure 5 shows a coupling between two 
line sections of the prestressed type, i.e. two 
line sections based on ibs principle shown in 
Figure 2. 130 
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In the line section shown oa the left- and 
rigbt-hand sides in Figure 5, the inner pipe 

11 is connected with the outer pipe 12 in 
such a manner that the outer pips 12 is 

5 under tension and the inner pipe is uadbr 
compression {it the inner and the outer wpe 
are at normal ambient temperature). The 
outer ring 26 is connected to the outer i«pe 

12 by welded joint 41 and the inner pipe 21 
10 with the inner pips U by means of a welded 

joint 42. 

Heat-insulating material 15, for e^tample 
poiyurethane foam, is present between the 
inner pipe 11 and the outer pipe 12 in the 

15 manner described above. 

The inner pipes 21 are connected by 
means of a welded joint 43. After the joint 
43 has been completed heat-insulting 
material 44, for example poiyurethane foam, 

20 is applied. The heat-insulating material may 
be applied in situ by spraying or by foaming 
or in the form of shells. 

A ring 45, which may consist of two or 
more shells is subsequently welded to the 

25 right-hand outer ring 26 by means of a 
welding joint 46. The shells forming the ring 
45 are also welded together. Cams 47 are 
secured onto the outer surface of the ring 
45. However, instead of the cams 47 ring 

30 segments may be used. 

After the ring 45 has been secured, such 
an axial foTS» is exerted on the cams (or ring 
segments) 47 and 29 that the left-hand rim of 
the ring 45 comes into contact (see dotted 

35 position) or virtual contact (so that the 
opening X disappears) with the right-hand 
rim of the left-hand outer ring 26, the said 
rims being subsequently we lded together. 
Alternatively, this object "may also be 

40 achieved by exerting the said axial force on 
the left- and right-hand cams 29. 

After the latter joint has been welded and 
the axial force exerted from outside has 
been eliminated, the ring 45 is under axial 

45 tensile stress and the parts of the inner pipes 
21 situated near the weld 43 and between 
the conical elements 27 are under axial 
compression stress, Hie resultant coupling 
is therefore prestressed, as are the relevant 

50 line sections. It should he noted that the ring 
45 is made from a suitable material, for 
example carbon steel. 

It should be noted that in the case of 
couplings as shown in Figurres 4 and 5, the 

55 welds 32 and 43 may each be replaced by a 
flange coupling, if desired. 

Figure 6 and 7 show methods for the 
construction of a pipeline consisting of 
sections. 

60 The connection comprising the parts 50, 
51, 52, 53, 54, 55, which is provided with an 
Insuiation 71. is produced in advance. A 
pipeline section consisting of an inner pipe 
58, an outer pi]^ 57 and an insulating 

65 material 60 has already been laid in place. 



The inner pipe 53 of the said connection is 
subsequently welded (weld 59) to the inner 
pipe 58. Then an insulating material 72 is 
appHed. An outer ring 61 (consisting of 
shells) is connected to the outer ring 50 by 70 
means of a weld 62. 

Cams 64 are js'esent on tihe outer pipe 57 
and cams 63 on the outer ring 61. An axial 
force is exerted on these cams, as a result of 
which the ring 61 is stretched and the space 75 
between the outer pipe 57 and the outer ring 
61 is eliminated. A weld 65 is subsequently 
made at the place indicated by the broken 
line, connecting the parts 57 and 61. The 
axial force ts then eliminated from the cams 80 
63 and 64, leaving an axial tensile stress in 
the parts 58 and 53. 

Then, the next section is built up. An 
inner pipe 66 is joined to the inner ring 52 by 
a weld 67, Heat-insulation 68 is arranged, 85 
and an outer pipe 69, whereupon a weld 70 
is made. The operations described above 
are then repeated ^ the right-hand side of 
tlie irfpe section consisting of the parts 66 
and 69. and so on until the pipeline bas 90 
attained the desired length. 

The method acosrdiag to Figure 7 is as 
follows: 

The connection 75, 76, 77, 78, 79 is 
produced in advance. A pipeline section 95 
comprising an inner pipe 81, an outer pipe 
83 and an msulating material 82 has already 
been laid in place. A ring 85 (optionally in 
sections) is arranged on the inner pipe 81 
and welded thereto by a weld 86. Then IQO 
insulation 95 is applied. The connection 75- 
79 is subsequently slid on the inner pipe 81 
against the ring 85. Cams 84 are present on 
the outer pipe 83 and cams 80 on the outer 
ring 75. An axial force is then exerted via the 105 
said cams as a result of which the ring 75 is 
stretched axialty and the space between the 
parts 75 and 83 disappears. A weld 87 is then 
made at the place indicated by the broken 
line, connectjng the parts 75 and 83. Finally, 110 
the axial force is eliminated from the cams, 
leaving an axial tensile stress in the parts 75 
and 83 and an axial compression stress in the 
inner pipe 81 . 

A ring 88 (optionally in sections) is now 115 
arranged on the inner pipe 81 and welded 
thereto by a weld 89. An inner pipe 90 is 
welded to the inner pipe 81 fay a weld 91. An 
insulation 92 is arranged aitd fina% t&e outer 
pipe 93 which is welded to the outer ring 75 120 
by a weld 94. 

The operations described above are then 
repeated at the right-hand side of the pipe 
section, consisting of the parts 92 and 93, 
and so on until the pipeline has attained tlie 125 
desired length. 

If use is made of a pipeline based on the 
above principles, and running fcom a i»iat 
on land to a point offshore (for instance near 
a jetty, mooring-i^nd or raooring-buoy), 130 



the end of the pipeline may, if desired, be 
anchored to the sea-bed at tbe latter point, 
while the end of the pipeline on land may be 
secured freely movable axiaily. 
5 Prestressing of the line sections or of a 
"growing" pipeline duriag assembly may be 
effected in wious ways, for example 
mechanicaly and hydraulically by means of 
hydranlicaUy driven pipe clamps with which 

10 the outer pipe is brought under tension and 
the inner pipe under compression. 

It is also possible to use a thermal method. 
In this method, the Loner pipe is cooled or 
the outer pipe is heated, the ends of the 

15 inner pipe and the cute pijpe being sub- 
sequently conHected. Cooling may, for 
example, be effected with fhe aid of solid 
COj or Hqmi Ni. 

WHAT WE CLAIM IS:— 

20 I. A pipeline section comprising a non- 
corrugated inner pipe, an outer pipe spaced 
from and co-axial with said inner pipe and 
heat-insulating material within the space 
between said pipes, said pipe-line section 

25 being adapted to be joined with at least one 
other such section to form a pipeHhe 
suitable for the transport <rf cryt^nic 
liquids, the sections when so jomed having 
at least their respective inner pipes ri^dly 

30 joined together at the juncture(s} between 
sections, the inner and outer pipes of said 
section being so rigid and being so rigidly 
connected together at at least Two axially 
spaced positions within the section that a 

35 high axial compression stress is present 
either in the outer pipe or in the iimer pipe 
either at normal ambient temperaure or at 
the low temperature of the section sub- 
sisting during the passage of a cryogenic 

40 liquid therethrough. 

2. A pipeline section as claimed in claim 
1, wherein the inner and outer pipes are so 
connected together that, when die pipes are 
at ambient temperature, no, or only s%ht, 

45 axial stresses occur in the iimer and outer 
pipes, but when the inner pipe is cocded to 
normal operating temperatures an axial 
tensile stress is pr^ot in the ioner pi{>e and 
an axiai compression stress is present in the 

50 outer pipe. 

3. A pipeline section as claimed in claim 
1 , wherein the innner and outer pipes are so 
connected together that, when fhe pipes are 
at ambient temperature, the outer pipe and 

55 the inner pipe are prestressed in such a 
manner that the outer pipe k under axial 
tensile stress and the inner pipe is under 
axial compression stress. 

4. A pipeline section as claimed in any 



one of claims I to 3, wherein the heat- 60 
insulatuig material is a plastics foam, 

5. A pipeline section as claimed in claim 
4, wherein the plastics foam has closed cells. 

6 . A pipeline section as claimed in claim 4 

or 5, wherein the plastics foam is a 65 
polynxethane foam or a PVC-fosm. 

7. A pi^e Kne section as claimed in any 
one of claims 1 to 6, wherein the inner and 
outer pipes are connected togetl^ at the 
ends of the section. 70 

8. A pipeline section as claimed in any 
one of claims 1 to 7, wherein a slide layer is 
present between the inner pipe and the heat- 
insulating material" or between the outer 
pipe and the heat-insulating material. 75 

9. A pipeline section as claimed in claim 
8, wherein the slide layer comprises a felt or 
polypropylene fabric or glass fibre. 

10. A pipeline section as claimed in claim 

8, wherein the slide layer consists of paper. 80 

11. A pipeline section as claimed in. claim 
8, wherein the slide layer consists of jute, 

12. A pipeline section as claimed 'm any, 
one of claims 4 to II, wherein the plastics' 
foam is applied by sprajdng. 85 

13. A pipeline section as claimed in any 
one of clamis 4 to 11, wherein the plastics 
foam is applied in situ by foaming. 

14. A pipeline section as claimed in any 

one of claims 4 to 11, wherein the plastics 50 
foam is in the form of pre-fona«i shells. 

15. A pipeline section as claimed in any 
one of claims 1 to 14, wherein the inner jiipc 
consists of nickel steel. 

16. A pipeline section as claimed in any 95 
one of claims 1 to 14, wherein the inner pipe 
consists of alumindum, 

17. A pipeline section as claimed La any 
one of claims 1 to 16, wherein the outer pipe 
consists of carbon steel. 100 

18. A pipeline section as claimed in any 
one of claims 1 to 17, wherein the inner and 
the outer pipes are connected together in a 
gas-tight manner. 

19. A pipeline section as claimed in claim 105 
1 and substantially as hereinbefore 
described with reference to Figure I or 
Figure 2 of the accompanying drawing. 

20. A pipeline comprising a plurality of 
sections as claimed in any one of claims 1 to UO 
19 joined end to end. 

21. A pipeline substantially as herein- 
before described with reference to Figure 5 
or Figure 7 of the accompanying drawings. 

R.C. ROGERS, 
Chartered Patent Agent, 
Shell Centre, 
London, S.E.l. 
Agents for the AppEcants. 
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